ABSTRACT -The objective of this study was to evaluate the suitability of the BoLA-DRB3 gene polymorphism to define the phenotypic value of somatic cell count of 808 Polish Holstein cows. The cows were fathered by 190 sires. The PCR-RFLP alleles were identified with the BstYI, HaeIII, and RsaI restriction enzymes. For statistical analysis, 17 alleles whose frequencies in the herds were equal to or higher than 2% were selected. Somatic cell count was analyzed based either on the lactation averages or on test-day yields. Significant relationship between the occurrence of the BoLA-DRB3 gene alleles and somatic cell count were stated. In case of estimating the effects for all lactations together, the effect of substitution was observed for 11 alleles. The overall effects of four alleles (*12, *23, *24, and *ndb) were statistically significant and their effects were repeated in at least two lactations in the analysis of each lactation separately. The most numerous relationships were found for allele *24, which influences were statistically significant in lactations I to III in the analysis of all lactations together.
Introduction
BoLA-DRB3 gene encodes the β chain of MHC class II molecules, which is involved in presenting "non-self" antigen to antigen-presenting cells (APC). The BoLA DRB3 gene is usually expressed by cells of the immune system such as macrophages, dendritic cells, or B lymphocytes, which process the antigen and then present it to the helper T lymphocytes to unleash the immune response against infectious pathogens. Class II molecules on APC present peptides derived from extracellular pathogens to CD4+ T cells, which once stimulated activate macrophages and B cells to generate inflammatory and antibody responses, respectively. BoLA-DRB3 is the most polymorphic gene in cattle major histocompatibility complex (MHC); hence, it has been the subject of intensive research for more than twenty years. So far, most of the reports concern the expression and polymorphism of BoLA-DRB3 (van Eijk et al., 1992; Dietz et al., 1997a,b; Sharif et al., 1998; Gillespie et al., 1999; Takeshima et al., 2003; Fernández et al., 2008; Hameed et al., 2008; Duangjinda et al., 2009; Juliarena et al., 2009) . Even though the entire BoLA-DRB3 gene was successfully sequenced in the early 90s of the twentieth century (Groenen et al., 1990) , a complete structure of BoLA-DRB3 gene including the length of coding and noncoding sequences was presented after over 10 years (Russell et al., 2004) . The polymorphism mainly occurs in the second exon, which encodes the variable part of the MHC class II molecule (Russell et al., 2004) , and to a lesser extent, in the third exon (Russell et al., 2000) . The primary function of class II molecules is being involved in immune response; therefore, their expression is specific for non-self antigens. Because of the unique structure of regulatory sequences, the expression undergoes specific rules. Regardless of the species, the promoters of MHC class II molecules -in the fragment from 150 to 300 bp upstream of the start codon -are fitted with regulatory module (W-box, X-box, Y-box, CCAAT, TATA), which forms the upstream regulatory region (van den Elsen, 2011) . Understanding the role of genetic factors in the phenotypic variability associated with the immune response to pathogens may be a key element in programs aimed at preventing and reducing the occurrence of pathogens. Because molecules encoded by BoLA-DRB3 gene participate in presenting non-self antigens to immune cells, its association with disease resistance seems to be particularly interesting.
R. Bras. Zootec., 47:e20150290, 2018 Mastitis is one of the frequent mammary gland diseases impacting lactating animals. Economically, it is considered the most important disease in dairy cattle. Mastitis is a difficult problem to comprehend because it is caused by many factors acting simultaneously. On the most global scale, resistance could be defined as the ability to avoid any infection of the udder or quick recovery from any infection. Most genetic studies have focused on milk somatic cell count (SCC) and clinical mastitis (CM) as phenotypic measure to predict inflammation of the udder. The milk somatic cells include 75% leucocytes, i.e., neutrophils, macrophages, lymphocytes, erythrocytes, and 25% epithelial cells. Mastitis is caused by bacterial invasion into the udder. The small numbers of somatic cells that are normally present in milk attempt to resolve this intramammary infection immediately. During bacterial pathogenesis, macrophages serve to facilitate either innate or acquired immune responses. Similar to neutrophils, the non-specific functions of macrophages are to phagocytise invading bacteria and destroy them with proteases and reactive oxygen species. T-lymphocytes and B-lymphocytes are two subsets of lymphocytes that play specific immune functions. The mammary epithelial cells may play a protective role in prevention of infection via ingestion and possible digestion of phagocytosed microbes (reviewed by Sharma et al., 2011) . Among genes associated with reduced mastitis incidence, particular attention is paid to the BoLA-DRB3 gene because of its role in the immune system (reviewed by Sender et al., 2013) . The results of our previous study demonstrated that BoLA-DRB3 in the Polish Holstein cattle is highly polymorphic. There is also an indication that differences in frequency of particular alleles may be correlated with differences in production and fitness status of herds (Oprządek et al., 2012) .
The objective of this study was to evaluate the suitability of the polymorphism of BoLA-DRB3 gene to define the phenotypic value of somatic cell count (as an indicator of health of the mammary gland) of Polish Holstein cattle.
Material and Methods
The material consisted of 808 Holstein cows, in three herds. Pedigree data included three generations (animal, parents, and grandparents). Animals originated from 190 sires, of which 134 were represented by at most three daughters, whereas only seven bulls sired 20 or more daughters. Among mothers, only 13.8% had more than one offspring. In most cases, the relation was limited to two sisters or half-sisters (142 cows), or less often to three sisters from one mother (18 cows).
Production data and functional trait data were collected from 1998 to 2010. Two calving seasons were distinguished: autumn-winter (October-March) and spring-summer (April-September). Twenty-four classes of year and calving seasons were defined. Milk yield, protein, fat, lactose, urea, and dry matter contents as well as SCC were recorded on test days once a month.
Isolation of DNA from blood was performed according to Kanai et al. (1994) . The concentration and purity of extracted DNA were assessed by spectrophotometery and electrophoresis in 1% agarose gel.
The BoLA-DRB3 exon II (including a fragment of intron #1) was amplified by polymerase chain reaction (PCR) using the single step PCR of van Eijk et al. (1992) , modified by Oprządek et al. (2012) . The PCR was performed in final volume of 32 μL containing 40 ng of cDNA, 10 pmol of each primer (HLO30; 5'-ATCCTCTCTCTGCAGCACATTTCC-3' and HLO32; 5'-TCGCCGCTGCACAGTGAAACTCTC-3'), PCR-buffer (20 mM Tris-HCl pH 8.4,50 mM KCl), 1.5 mM MgCl2, 0.25 mM of dNTPs, and 1 U of Taq DNA AmpliTag Gold Polymerase, and water for final volume. The PCR was performed as follows: the initial denaturation (94 °C for 10 min), amplification (25 cycles) including denaturation (94 °C for 30 s), annealing (65 °C for 30 s), and elongation (72 °C for 1 min). The final elongation was carried out at 72 °C for 5 min. The PCR products were represented by 284 bp fragments as was expected on the basis of the nucleotide sequence of the gene.
The PCR products were digested with three restriction endonucleases: RsaI, HaeIII, and BstYI, as described in van Eijk et al. (1992) . They were digested with five units of RsaI and HaeIII at 37 °C for 3 h and five units of BstYI at 60 °C for 3 h. The restriction fragments were resolved on 5% agarose gel. Fragments of DNA were visualized in UV light and photographed with BioImagine System-Gene Snap (SynGene) using Gene Tools Software, version 4.3.7.
A combination of 1:1 UltraPureTM Agarose (Invitrogen) with NuSieve ® GTG ® Agarose (Lonza, USA) was used. The use of NuSieve agarose allowed the electrophoretic separation of DNA fragments from 30 bp. To prepare the gel, UltraPureTM Agarose and NuSieve Agarose were mixed with 1x TBE buffer and heated until complete dissolution. After dissolution, it was cooled to about 60 °C and 2.6 μL ethidium bromide was added. Electrophoresis was performed in BioRad in 1x TBE buffer for 1 h.
Exemplary restriction patterns of the BoLA-DRB3.2-BstYI gene was shown on the Figure 1 .
By solving the regression equations, the estimates of all effects were determined, followed by univariate analysis of variance of examined traits, treating genotype as a grouping factor. To assess the significance of effects of BoLA-DRB3 genotype, the F-statistics were determined in all analyzed classes. If the significance of the relationship between an allele and a trait was confirmed, t tests were conducted for individual samples with respect to the mean value of the trait in the analyzed group. To facilitate the comparison between the effects of individual alleles and genetic effects of other loci, they were expressed as deviations from the mean value of the trait. For statistical analysis, 17 alleles were selected, which frequencies in the herds were equal to or higher than 2%. In the model, the number of copies of the allele was taken into account: 0 -no allele; 1 -allele in a heterozygous genotype; and 2 -allele in a homozygous genotype.
To normalize the distribution of somatic cell count, the SCC was logarithmically transformed (lnSCC), and all the calculations were run on such values. Somatic cell count changes during the lactation; therefore, the influence of environmental factors on this trait can be eliminated by analyzing the cumulative values of the traits for the whole lactations or, which is more successful, by using a model for daily yields (test-day model -TDM).
The model applied for the phenotypic analysis of test-day lnSCC was: y ijkl = α + HYS i + L j + ∑β l BoLA ijkl + β 1 dd ijkl + β 2 dd 2 ijkl + β 3 wm ijkl + e ijkl , in which, y ijkl = phenotypic value of lnSCC on the test day; α = intercept; HYS i = the fixed effect of herd-year-season (i = 1,44); L j = the fixed effect of subsequent lactation (j = 1,4); ∑β l BoLA ijkl = regression for the number of copies (0, 1, 2) of l-th allele (l = 1,17) in the BoLA-DRB3 genotype; β 1 dd ijkl = linear regression for days of lactation; β 2 dd 2 ijkl = quadratic regression for days of lactation; β 3 wm ijkl = linear regression for milk yield on the test day; and e ijkl = random error.
The statistical classification for lactation lnSCC fits contemporary group of herd-year-season of calving, lactation, regression on the number of copies of an allele, and linear and quadratic regression on days-in-milk.
Results
The average milk yield during the 305 days of lactation was 7702 kg, fat and protein yield were 317 kg (4.23%) and 261 kg (3.35%), respectively ( Table 1 ). The highest milk yield was recorded in lactation II (8142 kg) and the lowest in lactation IV+ (6997 kg). Accordingly, the highest yield of protein and fat was recorded in animals that were also in lactation II (274 kg of protein and 334 kg of fat) and the lowest in lactation IV+ (240 kg of protein and 297 kg of fat). The average number of somatic cells in milk was 544,000/mL. Such a value was observed in more than 25% of collected milk samples. Significant changes were observed in SCC during lactation (Figure 2 ). The highest SCC was recorded immediately after calving and the lowest values were observed before the dry-off (less than 50,000/mL).
The highest polymorphism of BoLA-DRB3 gene was observed in herd 2, in which 68 alleles were identified, but this herd had the highest number of animals (440). The other two herds had a similar number of alleles, 48 in herd 3 and 49 in herd 1. Of the 114 identified alleles, 17 occurred with a frequency higher than 2%. Differences in the allele (Table 2) . Alleles *8 and *11 were more numerous in the herd 3. In our study, we found alleles of frequency exceeding 2%, which presence have been previously reported in different populations of Holstein (*8, *10, *11, *12, *16, *22, *24, *28, *36, *37), and also those which occurrence with frequency higher than 2% has not been yet confirmed in the literature (*jbd, *nbd, *gba, *neb, *jba, and *oeb). The frequency of the most numerous alleles (17) varied and ranged from 2.1% (*12) to 19.8% (*24). In herds 1 and 2, the BoLA-DRB3 gene was the most often represented by allele *24, with a frequency of 14.5% and 19.8%, for herds 1 and 2, respectively. In herd 3, the most common alleles were *8 and *11, both appearing with a frequency of 12.8%. In herds 1 and 2, homozygotes that occurred most frequently were of the BoLA-DRB3*24/24 genotype (Table 3) . In both herds, the occurrence of this genotype was at similar level, 7.25 and 8.41% for herd 1 and 2, respectively, whereas in herd 3, the BoLA-DRB3*11/11 genotype was the most frequent (7.43%).
Effects of substitution of 11 alleles of the BoLA-DRB3 gene on SCC were demonstrated in the study. The analysis of the relationship between the polymorphism of the locus and SCC was conducted in two schemes: estimating the effects for all lactations together or for each lactation separately. A significant relationship between the occurrence of the alleles of the BoLA-DRB3 gene and SCC was concluded. In case of estimating the effects for all lactations together, the effect of substitution was observed for 11 alleles (Table 4) . The most favorable effects were observed for alleles *10, *16, *28, and *neb. Their presence in the genotype was associated with a significant decrease of SCC in milk. Milk of cows that carried alleles *12, *22, *23, *24, *nbd, *gba, and *jba had elevated SCC. Values obtained in the analysis of each lactation separately confirmed those results. While comparing the lactation results estimated jointly or separately, contradictory results were observed in case of allele *22. Its presence in the genotype was associated with a higher (for all lactations together and in lactation II) or lower (lactation IV+) SCC in milk. A similar situation was observed by comparing the effects estimated in each lactation, in which allele *oeb was associated with a higher lnSCC (0.26) in lactation I, but lower (−0.32) in lactation IV+ (Table 5) .
Analyzing the effects of particular lactations, it was also found that nine alleles showed positive relationship with SCC in lactation II. Only in case of allele *neb the effect of substitution contributed to reducing the SCC in milk. It was found that alleles *16, *28, and *neb were closely related with decreased phenotypic value of SCC. The values obtained for these alleles were statistically significant when estimating for all lactations jointly and for each lactation separately. Estimating the effects also allowed to indicate the alleles that significantly contributed to the increased SCC in milk. The effects of four alleles (*12, *23, *24, and *ndb) proved to be statistically significant in the analysis of all lactations and their effects were repeated in at least two lactations in the analysis of each lactation separately. The most numerous relationships were found for allele *24, whose effects were statistically significant in lactations I to III in the analysis of all lactations.
Discussion
Our results of the distribution of the most common alleles are consistent with data in the literature, as alleles *8, *11, and *24 are reported as the most frequent in dairy herds (Dietz et al., 1997a; Sharif et al., 1998; Takeshima et al., 2003; Nassiry et al., 2008) .
The main function of BoLA-DRB3 gene is the expression of antigen-presenting proteins, and it has been associated with resistance and susceptibility to infectious diseases. For example, Starkenburg et al. (1997) Many authors emphasize the relationship between alleles of BoLA-DRB3 gene and SCC as well as inflammatory conditions of the mammary gland (Kulberg et al., 2007; Rupp et al., 2007; Pashmi et al., 2009; Firouzamandi et al., 2010; Yoshida et al., 2011) . Kelm et al. (1997) found a link between an allele of BoLA-DRB3 gene and a higher number of somatic cells and increased incidences of mastitis in animals with the DRB3*11 and DRB3*16 alleles. Significant associations between the polymorphism of BoLA-DRB3 gene and SCC were showen by Dietz et al. (1997a,b) . According to these authors, the presence of allele *16 was associated with increased number of somatic cells, whereas allele *22 was related to reduced SCC. In addition, the effects of alleles *11, *12, and *23 were associated with a greater resistance to clinical mastitis.
Contradictory results were presented by Sharif et al. (1998) and Sender et al. (2008) , who found that allele *16 was related with a lower SCC in milk and allele *23 with an increased SCC, thereby increasing the susceptibility to mastitis. Our research confirmed decreased value of lnSCC for allele *16 (−0.08; P≤0.01) and increased for allele *23 (0.06; P≤0.01) in the analysis of all lactations together. Significant influence (P≤0.01) of allele *24 on phenotypic value of SCC in milk was also confirmed, which is consistent with previous studies of Kelm et al. (1997) and Starkenburg et al. (1997) . Rupp et al. (2007) showed that the presence of allele *3 in the genotype contributed to reducing the risk of inflammatory conditions of the mammary gland in cows, while the presence of allele *8 in the genotype contributed to an increased risk of mastitis incidents. Pashmi et al. (2009) estimated the probability of the occurrence of subclinical udder inflammation, measured based on SCC, demonstrating positive effects of alleles *8, *22, and *51. Kulberg et al. (2007) reported that alleles *22 and *26 could result in animal susceptibility to subclinical mastitis, whereas alleles *7, *11, *18, and *24 were associated with an increased resistance.
Conclusions
Since environmental effects can have a great impact on the somatic cell count of milk of older cows (cow age, medical history, etc.), it is suggested to consider only the effects of allele substitution for the first lactation. Further, since in estimating the relationship of allele substitution of the BoLA-DRB3 gene and somatic cell count, a high number of statistically significant effects was found, it can be concluded that the polymorphism in the studied locus may have a meaningful effect in creating resistance to mastitis.
